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Rats were trained in shock-induced aggression, free operant avoidance, or were presented
with unavoidable shocks. Fighting in response to shock was subsequently measured by
intermatching individual animals that had received the three training procedures. The
fighting probabilities of animals with histories of avoidance and dominant animals with
histories of fighting were higher than the fighting probabilities of non-dominant fighting
rats or rats with a history of unavoidable shocks. Animals with higher fighting probabili-
ties disrupted avoidance baselines more than animals with lower fighting probabilities.
Control experiments suggested that fighting decrements produced by administration of
prior grid-shock were due to the acquisition of behaviors incompatible with aggression.

Although fighting elicited by electric shock
has obvious respondent characteristics (Ulrich
and Azrin, 1962), past experience with fighting
and shock has been shown to be related to the
frequency of such attacks (Powell and Creer,
1969). For example, single animals presented
with inescapable shocks showed decrements in
their later shock-induced fighting rates (Powell
and Creer, 1969), whereas animals with prior
exposure to shock-induced aggression fought
at higher rates and more strenuously than did
naive animals (Hutchinson, Ulrich, and Azrin,
1965). These data suggest that environmental
variables are important determinants of shock-
induced aggression. The data also raise the
question of the extent to which an incompat-
ible operant might interfere with respondent
behaviors, and conversely the extent to which
a history of shock-induced aggression might im-
pair the acquisition of such an operant. The
experiments of Maier, Seligman, and Solomon
(1969), for example, have shown that "inescap-
able" shocks retard later operant avoidance
performance.

Several attempts to study the effects of
shock-induced fighting on a free-operant base-
line and on the acquisition of an operant re-
sponse have been made by studying the avoid-
ance behavior of paired animals, one or both
of which have had avoidance or escape train-
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ing. Since two animals are present simultane-
ously in the same enclosure, the probability of
their fighting, when shocked, is high. Using
the paired-subject procedure, Ulrich (1967)
and Azrin, Hutchinson, and Hake (1967) in-
vestigated the effects of shock-induced fighting
on the acquisition of avoidance and escape be-
haviors, and Ulrich and Crain (1964), and
Ulrich, Stachnik, Brierton, and Mabry (1966)
compared the baseline avoidance behaviors of
paired and unpaired rats in a free operant
avoidance paradigm. In general, these studies
indicate that avoidance and escape behaviors
are decreased as a function of the frequency of
fighting between a pair of subjects, although as
Azrin, et.al., (1967) showed, this relationship is
complicated because attack frequency is par-
tially a function of the number of shocks re-
ceived. Since shock frequency is under the
animal's control, there is a constant interaction
between the attack and escape tendencies of
the animal.
The purpose of Experiment 1 in the present

study was to investigate the effects of prior
training with avoidance, fighting, or unavoid-
able shocks on shock-induced aggression while
holding the frequency of shocks constant by
means of a yoked-chamber design. Thus,
shock-induced fighting was studied in animals
that had received either (a) free-operant avoid-
ance training, (b) exposure to shock-induced
aggression, or (c) unavoidable shocks. A yoked
design was used in which all animals received
the same schedule of shocks. Experiments 2
and 3 were control experiments, the purpose
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of which was to determine further the shock-
related variables producing fighting decre-
ments.

EXPERIMENT I: EFFECTS OF
PRIOR SHOCK AND EXPERIENCE
WITH AVOIDANCE AND FIGHTING
ON SHOCK-INDUCED AGGRESSION

METHOD

Subjects
Eight female Sprague-Dawley rats, obtained

from Dublin Laboratories, were approxi-
mately 90 days of age at the beginning of the
experiment.

Apparatus
The test enclosures consisted of two, two-bar

rat chambers with identical dimensions, 9.25
by 8 by 9.75 in. (23.5 by 20.3 by 24.8 cm).
The stainless steel parallel grid bars of the
two enclosures were wired together so that
the same pattern and frequency of shocks
could be delivered to each chamber. Both
chambers were housed in a refrigerator shell
to attenuate extraneous noise and each was
illuminated by separate 24-v dc lamps. A re-
movable Plexiglas partition divided one or the
other of the chambers into equal halves on al-
ternate days. Shock was delivered to the grid
floors of the chamber by a Grason-Stadler
shock source and grid scrambler.

Procedure
The experiment was conducted in three

stages. During the first stage, four rats were
placed in the two yoked enclosures, a pair of
animals in each box (See Figure 1). The ani-
mals of one pair were separated by a Plexiglas
partition, while the second pair had unlimited
access to each other within their enclosure.
Shocks were presented to both boxes according
to a prearranged free operant (Sidman) avoid-
ance schedule, with the response of only a
single rat of the four systematically related to
the shock contingencies. The shocks occurred
every 3 sec if this rat did not respond. Each re-
sponse postponed shock for 20 sec. This ani-
mal, designated as the "avoid-subject", was
always the same animal of the foursome and
was always separated from its partner by the
partition. Thus, through the depression of its
bar, it could avoid or delay the shock, al-

though neither the response of its partner, des-
ignated as the "no-response subject", nor the
behavior of the other pair of rats, designated
as "fighting subjects", was systematically re-
lated to shock onset or offset. It became appar-
ent during this stage of the experiment that
one of the fighting subjects in each group was
more dominant than the other. This animal
was the one that most often initiated attacks
and was virtually always the one that pushed
its partner to the grid floor when the pair fell
to the floor in fighting. On the basis of these
observations, the fighting animals were then
designated as dominant and non-dominant.
The animal with the active bar (see Figure
1), controlled all shock presentations for all
rats. The baseline shock intensity was 2.5 mA,
and the shock duration was 0.5 sec. Two
groups of four animals each were given 2-hr
daily sessions. After approximately 50 sessions,
the avoidance baselines of the avoid subject in
each group had become stable and the second
stage of the experiment began.
During the second stage, the avoid subject

was paired four times with each of the other
three rats in its group and with the avoid sub-
ject from the other group. The order of the
total of 16 pairings was counterbalanced. The
Plexiglas partition was removed from the
avoidance chamber during this time, and fight-
ing behavior between the avoid subject and
the other subjects recorded. Fighting frequen-
cies were recorded over four consecutive 15-
min periods by two independent observers.
The fighting sessions occurred at the end of
the normal 2-hr avoidance session, under the
contingencies of the avoidance schedule. Dur-
ing those sessions, in which the two avoid sub-
jects were paired, both bars were operative.
Each of the avoid subjects could thus avoid
shock by pressing either bar. However, the
avoid subjects were trained on separate bars
so that competitive aggression in response to
the bar would be minimized. To keep baseline
avoidance at optimum levels, these experi-
mental sessions were alternated with control
days, during which the partition was not re-
moved and another rat thus not paired with
the avoid subject.

Fighting frequencies between pairs of ani-
mals that did not include the avoid subject
were determined in a third stage of the experi-
ment, which began after completion of the
second stage. The subjects, excluding the
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Fig. 1. Schematic representation of experimental design during Stage 1, in which different rats received ex-
perience with fighting, free operant avoidance, or unavoidable shock.

"avoid" rats, were paired in "round-robin"
shock aggression sessions over four consecutive
daily sessions. Orders of pairing within days
were counterbalanced. Each shock session was

10 min in length and consisted of 200, 0.5-sec
shocks at an intensity of 2.5 mA and a fre-
quency of 20 shocks per minute. A fighting
response was defined as one in which either
one or both rats lunged, struck, or bit the
other producing physical contact. Inter-ob-
server agreement was consistently greater than
90%, and usually above 95%.

RESULTS
All animals, when paired with the avoid

animal with no partition present, disrupted
the latter's avoidance baseline to some extent.
However, this disruption was typically greater
during earlier sessions and during the first
quarter of a session. The extent of disruption
also depended upon the behavioral history of
the animal paired with the avoid rat.

Figure 2 shows the mean number of shocks
received and the mean number of bar presses

made per minute during sessions in which an

avoid subject was matched with either a sec-
ond avoid subject or subjects having other pre-
training histories. Matching a no-response or
a non-dominant fighter with the avoid subject
disrupted the avoidance baseline less than did
introduction of a second avoid subject or a
dominant fighter. In general, disruption of
baseline avoidance declined across sessions re-
gardless of the pre-training history of the sec-
ond rat. Thus, when the avoid subject was
matched with a second avoid subject or the
dominant fighter in Group 1, an increase in
bar presses, associated with a pronounced de-
crease in shocks, was obtained over sessions.
However, the avoidance baseline remained
severely disrupted throughout testing in the
presence of the dominant fighting subject in
Group 2.
Although the avoid animals were trained on

separate bars, they frequently pressed the
other animal's bar during fighting sessions.
However, rarely did both animals press at the
same time. When extended avoidance oc-
curred, it was primarily due to the responding
of a single avoid animal. The other animal
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typically crouched on the opposite side of the
chamber or assumed the upright fighting pos-
ture. In the latter case, if a shock occurred,
the non-avoider usually attacked and the se-
quence of bar presses was almost invariably
broken up. Similar kinds of behavior were
shown by the other animals at various times,
with the exception of the no-response subjects
and to a lesser extent the non-dominant
fighters. These animals were not as reactive to
shock, and disruption of avoidance by these
subjects usually occurred during the initial
portions of the session and were initiated by
the avoid subjects.
Avoidance behaviors were disrupted pri-

marily by fighting, and fighting, like avoid-
ance, varied for animals with different train-
ing histories. Mean fighting probability for
each possible pairing of four animals over
each of the four sessions is shown in Figure 3
for both groups. Fighting probability was de-
fined as the ratio of fights to shocks. The data
from pairs that included the avoid animal are
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contingencies of the avoidance schedule. The
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stage of the experiment, are based upon four
subsequent 10-min daily sessions in which 200,
0.5-sec shocks of 2.5 mA were given every 3 sec.
The first frame of Figure 3 shows that the

probability of a fight occurring between the
two fighting subjects was high. On the other
hand, the fighting associated with the fighting
subjects and the no-response subject dif-
fered, depending on which fighting animal
was paired with the no-response animal. Frame
2 indicates that when a dominant fighter was
paired with the no-response subject, a fairly
high fighting probability was obtained, al-
though the fighting behavior of this pair was
not as stable as that between the fighting sub-
jects. In contrast, as Frame 3 shows, the proba-
bility of fighting between the non-dominant
fighters and the no-response subject was con-
siderably lower. Again, between-session vari-
ability was greater than that shown by the
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fighting pairs. Frames 4 to 6 further illustrate
the behavior of the avoid subjects when
matched with the other animals in the experi-
ment. The fighiting probability of the avoid
subject was dependent upon the animal with
which it was paired. If matched with another
avoid subject or with a dominant fighter, fairly
high fighting probabilities resulted. However,
if paired with a non-dominant fighter or a no-
response subject, considerably less fighting
occurred.

DISCUSSION
The finding that pairing rats in a free oper-

ant avoidance paradigm disrupts the normal
avoidance baseline of a single animal supports
the previous results of Ulrich and Crain (1964)
and Ulrich, et al., (1966). In agreement with
these investigators, this disruption was directly
related to fighting frequency (Azrin, et al.,

1967; Ulrich, 1967). The finding that rats
previously trained to avoid show high rates of
fighting when paired in a situation where it is
possible to avoid shock entirely is not in full
agreement with the results of Azrin, et al.,
(1967), who found that attack responses retard
escape behavior only during acquisition of the
escape response. An important procedural dif-
ference in the latter study, however, was that
one of the rats was restrained and unshocked,
and thus could not interfere with the experi-
mental animal's escape behavior. In the pres-
ent experiment, both animals were free-mov-
ing and either could interfere with the other's
attempts to press the bar. Under these con-
ditions, fighting appears to be high in the rat's
behavioral repertoire to noxious stimulation,
suggesting that respondent properties associ-
ated with aggression interfere with ongoing
operant behavior.
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In agreement with the previous report of
Powell and Creer (1969), animals with a prior
history of unavoidable shock showed relatively
low rates of fighting. Maier, et al. (1969)
found that animals that could not make ap-
propriate responses to shock also showed defi-
cits in the later acquisition of an avoidance
response. In the present experiment, isolated
rats presented with unavoidable shock fought
less than either dominant fighters or animals
previously trained to make avoidance re-
sponses, their rates being comparable to non-
dominant rats with fighting experience. Thus,
low fighting probabilities in rats can result
from either a history of repeated attacks by
more dominant animals or from a history of
unavoidable electric shock.
A possible explanation of the decreased

fighting of the "no-response" and less-domi-
nant fighting subjects is that these animals
learned a partial escape or pain-mitigation
response that was incompatible with fighting
and at the same time minimized the effects of
shock. Other authors (Azrin and Holz, 1966;
Azrin, et.al., 1967) have noted that rats can es-
cape shock via bar presses within 100 msec
after shock onset. In the Azrin, et al. (1967)
study, the acquisition of this behavior in the
presence of another target rat resulted in fewer
attacks by the escaping animal toward the
target. As noted above, in the Azrin et al.
(1967) study the target animals were restrained
at a considerable distance from the bar. Thus,
the incompatibility of escape and fighting in
this experiment may have resulted from the
physical separation of the target and the ex-
perimental animal. Although this kind of sep-
aration in the present study could only have
been fortuitous, the latter subjects may have
learned partial escape responses via postural
adjustments on the grid during the training
phase of the study. These partial escape re-
sponses tlhus may have later interfered with
fighting during the testing stages of the experi-
ment. Experiments 2 and 3 were conducted to
investigate this problem in greater detail.

EXPERIMENT II: THE EFFECTS OF
PRIOR GRID SHOCK ON SHOCK-

ELICITED AGGRESSION
The acquisition of partial escape responses

incompatible with fighting when rats are

shocked with grid shock is possible even
though a constant current shock generator is
utilized. This is especially true if there are two
animals on the grid. Changes in the impedance
of one animal allow more current to flow to
the other. Thus, in the procedure of the sec-
ond experiment, pre-fighting shock was ad-
ministered with only a single animal on the
grid.

METHOD
Subjects
Twenty four female Sprague-Dawley rats,

obtained from Dublin Laboratories, were ap-
proximately 90 days old at the beginning of
the experiment.

Apparatus and Procedure
The apparatus was identical to that pre-

viously described, except that no partition or
bar was present. In the 10 days before aggres-
sion testing each rat was individually placed
in one of two test enclosures for a 5-min per-
iod. During this time, one of the animals of
the pair received 100 presentations of either
2-mA or 1-mA, 0.5-sec duration grid shock at
intertrial intervals of 3 sec. The animal in the
other chamber received no shock. On the
eleventh day of testing, the subjects were com-
bined into pairs, three pairs that received 1
mA preshock-and three pairs that received 2
mA preshock. For each preshock pair, there
was an adaptation pair that had been placed
in the chamber with no shocks administered
during the previous 10 days. Each pair was
then administered 10 sessions of shock-induced
fighting. Fighting was elicited by 2-mA, 0.5-sec
trains of shock at intertrial intervals of 3 sec.
Fighting was defined and recorded as in Ex-
periment 1, and the shock parameters were
continuously monitored by a milliameter. Al-
though the observers were experienced, they
were not aware of the purpose of the experi-
ment until its completion, and thus had no
knowledge of the prior experience of the ani-
mals tested.

RESULTS AND DISCUSSION
Fighting frequency of individual pairs of

animals, as a function of experimental sessions,
is shown in Figure 4. Data are shown for the
first, fifth, and tenth sessions. Rats that re-
ceived prior shock showed fighting frequencies
that were somewhat lower than those shown

328



PRE-EXPERIMENTAL TRAINING SCHEDULES AND AGGRESSION

1 MA PRIOR
SHOCK

ADAPTATION 2 MA PRIOR
SHOCK

ADAPTATION

100 --

50

0
g

-------
|SESSION # 11

?#,,,'A ,,,,. *_

100 --o

< SESSION 5
U-

0

0 0 ~

- - - - - - - - - -- - - - - - I- - - - - -

12 3 4 5 6 7 8 9 10 11 12

PAIR OF RATS
Fig. 4. Probability of attack in response to shock of rats given either adaptation, 1 mA, or 2 mA shocks before

testing.

by rats that were adapted to the chamber dur-
ing the first session of fighting, regardless of
the shock intensity used during the pre-fight-
ing sessions. As the experiment progressed,
however, rats that were administered 1 mA
prior shock showed increasing rates of fighting.
Likewise, rats adapted to the experimental
chamber showed higher rates of fighting dur-
ing later sessions. However, the three pairs of
animals that were administered 2 mA prior
shock did not show this increase in fighting

frequency over sessions. Rather, these rats
continued to show extremely low rates of
fighting. These results, for the most part, sup-
port those of Powell and Creer (1969) in whiclh
pairs of animals, separated by a partition, were

administered prior grid shock, and their fight-
ing rates later ascertained. The present re-

sults extend these findings to rats individually
given prior shock and to animals adminis-
tered 1 mA prior shock in addition to 2 mA
shocks.

U
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EXPERIMENT III: EFFECTS OF
PRIOR TAIL SHOCK ON FIGHTING

ELICITED BY GRID SHOCK
Although the data of Experiment 2 showed

that rats individually administered prior grid
shock subsequently exhibited less shock-elic-
ited fighting than rats merely adapted to the
enclosure, it is possible that these rats still
learned to minimize the effects of shock by
standing on certain grids, adopting particular
postural adjustments, etc. Although this is less
likely than in Experiment 1, where the "no-
responses" rats received lengthy training on

the same grid during the administration of
shock, it is a possibility. The present experi-
ment was thus designed to present the pre-

fighting shock through tail electrodes that the
animal could not displace. Thus, escape or

avoidance of the shock was impossible in this
experiment.

METHOD
Subjects

Twenty-four female Sprague-Dawley rats
were used.

Apparatus
The pre-fighting shock was administered in

a small Plexiglas enclosure that was adjust-
able in two dimensions. The rat was placed
inside this enclosure and one side and the end
pushed toward the animal and secured with
thumb-screws, so that it was restrained in a

fixed position and was thus unable to turn
around. The tail extended from this enclosure
through a slit in the back panel, and shock
electrodes similar to those described by Weiss
(1967) were applied. Briefly, these electrodes
consisted of a 0.37 in. (1 cm) length of gum
tubing (0.3 cm I.D.) slit down one side so that
it could be slipped onto the animal's tail. An
%2 bolt was attached to the tube through a

hole in its side and secured to the opposite
side as an electrode. A small piece of circular
rubber was cut from the finger of a surgical
glove and stretched around the tubing to pro-
duce a tight fit. Two identical electrodes, one

positive and one negative, were constructed
and applied over an area of the tail previously
cleaned and prepared with Bentonite paste.
We found that if both electrodes were attached
to the same piece of tubing as Weiss (1967)
suggested, the paste invariably shorted the two

electrodes, so that little if any current went
through the higher resistance tail of the rat.
This feature of these electrodes may have been
due to the many times they were attached and
unattached in the present application. The
animals were later tested for shock-elicited
fighting in the apparatus described in Experi-
ments 1 and 2.

Procedure
The rats were divided into 12 pairs and

these pairs further randomly divided into two
groups of six pairs each. Each subject of one
group received 10 daily 5-min sessions in the
small enclosure with electrodes attached, but
no shock administered (adaptation group).
The second group was treated identically,
except that 10-mA, 0.5-sec shock trains were
administered at a frequency of 20 shocks per
minute. Several additional rats were also given
2-mA tail shocks, but they appeared to adapt
to this shock intensity within a single session,
and it was consequently dropped from the
study. Thus, all rats were administered either
0- or 10-mA shocks. Each subject administered
pre-fighting shock received 100 total shocks
per daily session for 10 days. On the eleventh
day of the experiment, all rats were paired on
a shock grid and tested for shock-elicited ag-
gression. The shock parameters for eliciting
fighting were 2-mA, 0.5-sec shocks at a fre-
quency of 20 shocks per minute. Five daily
sessions consisting of 100 shocks per session
were administered. Fighting was defined and
measured as in previous experiments. The
observer had no knowledge of the group to
which any pair of rats belonged.

RESULTS AND DISCUSSION
The fighting frequency scores of each pair

of rats over days are depicted in Figure 5.
Superimposed on the individual data are the
mean fighting frequencies of the two groups.
Rats given prior electrode shock showed
higher rates of fighting than did rats prev-
iously adapted to the chamber during all ex-
cept the first session. Only one, (and occasion-
ally two) of the pairs in the adaptation group
showed frequencies comparable to those shown
by rats given prior shock. Analysis of variance
revealed the differences between the groups
to be reliable (P < 0.001, F = 5.97, df = 1/10).
Thus, contrary to the results of Experiments
1 and 2, animals given prior shock in the pres-
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Fig. 5. Fighting frequency of individual rats previously administered 10-mA tail shock or adapted to the en-

closure. Mean fighting frequency is superimposed over individual data.

ent experiment showed higher rates of fighting
than rats not given prior shock. In the present
experiment, prior shock was administered via
electrodes to the tail and was of a higher in-
tensity than that used in the prior experi-
ments. The present results thus suggest that
when shock is administered in such a way as
effectively to preclude responses that mitigate
against its aversive effects, it augments rather
than interferes with aggression elicited by
shock.

GENERAL DISCUSSION
The present results showed that the prior ad-

ministration of electrical shock can have a dra-
matic influence on the subsequent frequencies
of shock-elicited fighting shown by rats. How-
ever, apparently both the kind of training that
the animal receives, as well as the method of
shock presentation, influences the specific ef-
fects of such prior stimulation. Thus, both
dominant rats with fighting histories and rats
with avoidance histories showed relatively high
rates of fighting in response to shock. These

findings agree with those of other investigators
(e.g., Ulrich and Crain, 1964; Ulrich, et al.,
1966). On the other hand, non-dominant rats
with fighting histories and rats with a prior his-
tory of neither avoidance nor fighting (isolated
rats) showed lower fighting frequencies in re-
sponse to shock. Finally, if prior shock is pre-
sented to the feet via metal grids, fighting
decreases, but if it is presented via fixed tail
electrodes, fighting increases.

Other investigators have reported that treat-
ment with shock before the measurement of
some response can either augment or diminish
the frequency or magnitude of such responses
depending upon the behavior being studied,
the species used, etc. (Anderson, Cole, and
McVaugh, 1968; Overmier and Seligman,
1967; Payne, Anderson, and Murcurio, 1970).
Of some concern in these experiments is the
mechanism(s) by which these changes in re-
sponse probabilities occur. One possible ex-
planation is that the acquisition of responses
during the prior training phase interferes with
or augments the subsequent occurrence of
similar responses in the test phase of the ex-
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periment. It has been suggested, for example,
that the freezing response in rats, produced by
presentation of shock, facilitates the later ac-
quisition of a passive avoidance response; it
would, of course, interfere with active avoid-
ance. An alternative explanation involves the
production, during the training phase via
prior stress-inducing stimulation (shock), of
bioclhemical or physiological changes unre-
lated to response acquisition. These latter
"performance" changes would then either mit-
igate against or facilitate belhavior in the later
test stages of the study. Carlton (1968), for ex-
ample, suggested that parasympathetic re-
bound produced by stress-induced sympatlhetic
activities interferes witlh the acquisition of cer-
tain behaviors. Although the present results
are not conclusive, the non-homogeneity of
foot shock suggests that when it is used as a
prior stressor, incompatible partial avoidance
or escape responses are learned during training
and subsequently interfere with the elicitation
of fighting during testing. On the other hand,
when shock was administered in such a way
as to preclude the acquisition of such re-
sponses, shock-elicited aggression was aug-
mented. While the former finding illustrates
the interaction of the respondent and operant
properties of shock-elicited aggression, and is
compatible with Azrin, et al.,'s (1967) results,
the latter results are compatible with the orig-
inal interpretation of pain-induced aggression
as basically a respondent behavior (Ulrich and
Azrin, 1962). Obviously, however, these re-
lationships are complicated, and further ex-
periments in whiclh the magnitude and dura-
tion of prior stress is systematically studied
will be required before definitive conclusions
can be drawn.
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